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Six Sigma_erving Customers Worldwide

FREUDENBERG-NOK
$1.0 Billion

WORLDWIDE

Value Creation Sept 2003 7
- The Freudenberg & NOK Global Partnership -

T T

FREUDENBERG & COMPANY

$3.5 Billion

NOK CORPORATION
$3.0 Billion

Global R & D technology exchange

Globally integrated supply of products from factories in 27 countries
One-piece-flow lean manufacturing

“Zero Warranty” focus

Over 30,000 employees serving our customers

Total global sales over $7.5 billion

Total automotive sales of approximately $4 billion
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Six Sigma

57 Automotive Operations
25 in North and South America
21 in Europe

11 in the Pacific Rim

$4.0 Billion Automotive Sales
$1.5 billion in Europe
$1.5 billion in the Pacific Rim

$1.0 billion in the Americas
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Six Sigma
Annual Sales: Approximately $1.0 billion
Employees: Approximately 6000
Headquarters: Plymouth, Michigan

e Established July 1, 1989
e General Partnership between Freudenberg of Germany and NOK of Japan
e Integrates Japanese, German and American technology

e 25 Locations in the Americas

Designs and Manufacturers:

Seals and gaskets

Custom molded rubber products

PTFE and plastic components

Anti noise, vibration and harshness products

Brake hoses
Rebuild kits
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Six Sigma
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anufacturing Locations in the America

TILLSONBURG, ORTHFIELD
ONJARIO LAND
ISTOL
" MANCHESTER
RANKLIN
—

,‘ LACONIA

CUAUTLA, MEXICO

¢ 6,000 Employees

e Produce 2 Billion
Seals & Molded Parts
Annually

e Over 2.0 Million Square
Feet of Factory SAG PAULO
Floor Space BRAZIL
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Six Sigma

Value Creation Sept 2003

Freudenberg-NOK
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Grd‘fﬁ’tm

Growtth Is An Acronym For Get Rid Of
Waste Through Team Harmony, And

Represents Freudenberg-NOK’s

Company-Wide Program Stressing Lean

Business Practices.
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SixSiema  Growtth® - Lean Systems

PRODUCT DESIGN PRODUCTION
® Value Engineering ® Value Analysis
Design to achieve targets Improve existing products
® Production Preparation Process | ® Shop Floor Kaizen
Initial lean process design Improve existing processes
® Design for Six Sigma ® Six Sigma - DMAIC
Breakthrough Designs Breakthrough Improvements
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SixSiqa Freudenberg-NOK’s Journey to Lean

FNGP
Established

1992 - GROWTTH Initiated

aen - SMED
- TPM

1995 - VA/VE Introduced

L, e R~ 1998 - 3 P Introduced
' ' . >\

1999 - Lean Supplier Initiative

2000 -
2002 — DFSS (HVPDSM) ix Sigma Introduced
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Six Sigma
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Casting the Biggest Shadow
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Six Sigma

What is Design For Six Sigma

A design philosophy of systematic
methodology, tools, and techniques which
enable us to design products and
processes that meet customer expectations
and can be produced at the 6 sigma level.

DFSS incorporates the Value Methodology with
the DMAIC methodology in a Lean Culture
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DFSS Process o

Identify Customer requirements: VE, QFD, CTQ

Estimate Baseline: Benchmark, Patent search, Product
Scorecard, Process Map, Value Stream Map

Determine Functional Requirements: VE, DFMEA

Generate, Evaluate, Select Design & Process
Concept(s): VE, 3P, TRIZ, Brainstorm

Optimize Design and Process Concepts: DOE, CAE,
FEA, Simulation, Analytical models

Verity Design and Process: PFMEA, DVP&R, PPAP
Maintain the Gains: Control Plan, SPC, Kaizen
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S Goal of DFSS a
is to create designs that are:

* Resource Efficient —- LEAN
Capable of very high yields regardless of volume

Not affected by process variation; Robust

* Lead to a “flawless launch”
—Meets Performance Targets (Quality)
—Meets Delivery Targets (On Time)
—Meets Financial Targets (Target Cost)
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Six Sigma

1. Identity e
Customer Requirements

(product & process).

Confusion / Disagreement

* Customer needs must be addressed in all designs

* Needs must be translated into technical,
measurable terms to track improvement / success

» CT Matrix provides comparable results as QFD.

Clarity / Agreement

Form

Storm

Norm

Team Before Plan

Stages of Teamwork
Perforl>

Team After Plan
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Six Sigma
Customers Requirements Document
Objective: Document & Prioritize the Customer's Requirements
SAMPLE for Brake Hose Assembly
I t "Functional Req's"
I';"':O " | (Objective, Proactive,| Targets/ Current Conflict /
" " atlin . . .
Cust. "Wants (10_High?_ Representative, Goals Situation Gap
. Low) Controllable, No
1 |Hose Performance 9 Burst pressure psi 5000 5000 OK
2 |No Corrosion 7 pass 160 hr salt sprsy 160 hrs 160+ OK
3 |No Constrictions 10 pressure drop - % defect. 0 0.01% OK
4 |No Leakage 10 leak decay 15" @ 20 psi 0 2.70% 2.70%
5 |Fit Routing 9 length and orientation OK
6 |ldentification 7 per federal specs OK
7 |On Schedule 8 meet takt time (%otd) 100% 99.10% OK
8 |Piece Price 9 Target $/part XX XXX $zz.zzz 15% over
9 |Damage free 8 visual appearance 100% OK
10|Ease of insatllation 6 cycle time at line 15 sec. 21 sec. 6 seconds
11|Serviceability 5 "book" time .15 hrs .15 hrs OK
12
13
14
15
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Critical to Matrix

UFreudenberg
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Rating of Importance to Customer 9 7 10 | 10 8 T|18|5 6 819
1 3 4 5 6 9 10| 11 | 1213 |14 |15
216 2o ! c - g ) z .
sle| 21212805 (5|8 |5 |5 |8slz |2 |E
wsls| |8 (3E(€ (835 (2|8 255 |6 |5
olo| 2|13 |25|E |22(8 |2 |2 228 [E |8
Process Steps / Input Variables 2|2 1282 25|18 |83IZ I8 |18 23|38 |2 |Z Total
1 ]Hose Construction 10 3 9 5) 9 [ 2 9 455
2 |Hose Dimensions 2 6 2 5 5 2 247
3 |End Fittings 0
4 Material 10| 3 7 712 313 272
5 Dimensions 3 4 5 3 4 6 6 233
6 |Brackets 0
7 Material 10 7 52| 1 313 233
8 Dimensions 5 7 3 3 1 1 2|3 212
9 |Clips 0
10 Material 10 5 5 2 155
1 Dimensions 1 2 21213 3 88
12 |Wrap Bracket Assy 10 6 7 5 313 278
13 |1st. Crimp 7 6 8 7 5) 3|2 329
14 |2nd. Crimp 7 6 8 7 9 5 3|2 392
15 |Pressure Test 1 5 5|5 125
16 |Bracket Assy. 2 7 5 213 155
17 |Shape Guage 1 2 22
18 |Packaging 1 9 5 3 1 139
19 |Receiving / Inspection 3 1 1 1 44
20 0
0
8 8 8 8 & e f?‘) 2|e 8 3 ) 8 o | o
Total — ™ [5p) N < N Yol < N -~ -

1. List the Key Process Output Variables (Requirements)

2. Rate each Output Variable on a 1-to-10 scale on the importantance to the customer
3. List Key Process Steps (Input Variables)
4. Rate each Process Step (Input Variable) relationship to each Output Variable on a 1-to-10 scale

5. Select the top Process Steps (Input Variables) to start the FMEA process; Determine how each selected Process Step
(Input Variable) can "go wrong" and place that in the Failure Mode column of the FMEA.

This table provides the initial input to the FMEA. When each of the Output Variables (Requirements) are not correct, that
represents potential "EFFECTS". When each Input Variable is not correct, that represents "CAUSES".
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Six Sigma

2. Estimate Baseline

* Process Map
* Opportunity Count Worksheet
* Product Scorecard

 DFSS Worksheet
* Value Stream Map
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DFreudenberg

First Time RTY

96.65%

82.69%

@
G V"Mvm |] -
Six Sigma Product Scorecard
Product Name: Brake Hose Assy
_ Partco Process ¢ | Performance G Producto
DPU | Oppt. | DPU | Oppt. | DPU | Oppt. | DPU Oppt.
Activity Est [Count| Est |Count| Est |Count| Est Count
Hose 0.000122 1
1st. Crimp - Banjo 0.016970 1| 0.062131 3
2nd. Crimp - Female 0.016970 1| 0.065611 4
Cust Rejects 0.000010 1
Internal Scrap 0.001021 1
Leak Test Rejects 0.027246 0
Totals 0.034062 3| 0.154988 7 0.001031 2 0.190081
First Time Sigma 1.83 m 0.94
DPU/Oppt. 0.011354 0.015840
Yield/Oppt. 98.87% 98.43%
Sigma/Oppt. LT 2.28 2.15
Sigma/Oppt. ST 3.78 3.65
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VSM Current State Map (Example) |

Blanket & Fax | Production /I/I/
o Man mer:
/l/ Fax or EDI any Customers

Metro
(Gaskets)

k Schedule
/

83 pcs / day (aveg

A1 needed 1WI I/t

v

Fax Box = 50 pcs

|_——Manufacturing

Manufacturing # KR-36-58420

orders

orders
_—

Parco
(O-Rings)

\

PIC Cell
Wil & Strip 105 pcs' ©
- " cut, weigh, cure, buff,
Mill & Strip (2- int K, st -
3hrs / wk) pa'”'pac'smeﬂ — — o o = = Kit Assy
- pick, bag, assy, seal
— — C/T = 840 sec inspect, box
C/O =485 sec -— e = S—
Tptims = 100% v 7T = 60 560 [ SAPPING |
( m—— wmm =il sec. = 25,800 /0 = nla TS TTeTTeTttSeveTat
Gasket Assy S Fjb. Go\d times / day)
v Batch size = 16 358 pcy CIT = 60 sec Avail sec. = 51,600
Shift = 1 Batoh =1 7£‘° size =
Receiving [} Shift=2
— e Avall 566, = 25,800 / j S 83
ift = perators =
3081 Ibs I Prep and Scrap rate = 0.0% Shift =1 . /
Extrude (2-3 hrs Operators = 1 Storage Sgcrap rate = 0.0%

1 wk)
Scrap rate = 0.0% m]]]ﬂ} Storage of small parts to
Press Line build kits
press department consists of 16 press Toar T
supplies 3 depart. as well as direct t f66189 - 330 pcs 4days
C/T =480 sec

customers m]]]]]lb 62478 - 131 pes 1.5 days
Batch = 16 -
CIT = 1020 560 @ve) — s 62965 - 371 pcs 4.5 days
vail sec. = 51, N
ST TI0 = 7800 560 (ave) i 63210 - 178 pcs 2 days
- - Shift = 2 66011 - 49 pcs 0.5 days
Prep and Uptime = 72% (ave) S —
Extrude (2-3 hrs ‘Avail sec. = 77400 peraTor - 87268 - Opes
1 wk) Scrap rate = 0.0% 71105 - 117 pcs 1.25 days
Batch size = 16
— 71853 - 258 pcs 3.8 days

Shift =3 Tumble

Operators = 6 I[I]Ilill) C/T = 1260 min

Scrap rate = 17% (ave) Batch = 800

Avail sec. = 25,800
ST 1 ]
Operators = 1 H -
" Production = 11.1
Scrap rate = 0.0% L/T dayS
Raw Matr'l 1.3 days 4.3 days 4.5 days 1 day
> Value )
Extrude & Mill P/C Cell| Press Line Gasket Assy | Trim Tumble Assembly Added ~ 4.6 min

5 sec 53 sec/pc 64 sec/pc 60sec 30sec/pc 1.5sec/pc 60 sec Time
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Six Sigma

Burton Rubber

Ap needed 1Tjvk
I/t D

Value Creation Sept 2003

I;Fleudenberg

VSM Future State Map (Example)

Blanket & Fax'/

Ab needed 1jvk
It D

Metro
(Gaskets)

Production
Control

Schedule

Parco
(O-Rings)

Fax or EDI

Many
Customers

83 pcs / day (ave

Box =50 pcs
# KR-36-58420

Mill & Strip * s Pace Maker
Mill & Strip (2 ~
Il 1] -
3hrs / wk) ~ ~ v o~
~ It
SER [/
~
~ Railroad Cell
\ NN BN BN AN A S . . .- .- \
~ Dedicate 3 Presses to Railroad Cell, Move I
‘ Presses into a Railroad Cell, Move Tear Trim Storage Kit Assy
nd Tumble into a Railroad Cell, Move P/ C into Storage of small parts to
v / a Railroad Cell buil?i kits (Maxi?‘num I p‘:::s’ b:cgl' gziy('azzal -
i inventory 48 hrs) ot SHIPPING
Receiving Extrude | CIT =020 550 (avS) I gasket assy) ZSTeetetteveTat
3081 Ibs (- ——— - | =50 oos times / day)
s Prep and CIO = 1800 sec (ave) SHOULD IMPROVE R
Extrude (2-3 | _
hrs / wk) D Uptime = 72% (ave) SHOULD IMPROVE vail sec. = 51,600 I A
Hatchsze=1 | 83
Avall 566 = 57,600 pich size I I
—— — * ghitt=2
Batch size = 16 87268 - 48 hrs bperators = 2 I
571105 - 48 hrs 1
[Shift = 2 Yerap rate = 0.0%
p71853 - 48 hrs | |
- [Operators = 2
PR U | I
Extrude 1l P [Scrap rate = 17% (ave) SHOULD IMPROVE
A )y I —
Prep and
Extrude (2-3 Mistake Layout
frs / wk) P -~ Proofing Improvement Pull System
\ ’ H
Production = 3.3
Raw Matr'l 8 hrs. 48 hrs 24 hrs LT days
? . .
Extrude & Mill Railroad Cell Assembly Value 4.6 mih
5sec/pc 148.5 sec/ pc 60 sec/ pc A_dded
Time
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Six Sigma o o
3. Determine Functional
Requirements

* Value Engineering — Function Analysis
* Design FMEA

This is the root cause determination step of the
problem or opportunity....

(High Value 6-Sigma Design)
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> Sigma VA/VE JOB PLAN

- Select Project and Team, Define Scope and

Information Phase - Objectives, Perform Information Gathering Tasks

- Define Functions, Assign Costs to Functions

Function Phase - Identify Improvement Opportunities

Creative Phase - Brainstorm ideas to Perform Function
- “How Else Can We...” Functional Thinking

Evaluation Phase I - Idea Categorization, Idea Prioritization, ‘T’ Chart

v

Development Phase

- Value Ratio: V=F/C, Proposal Selection
- Write Proposals and Action Plans

Implementation Phase I - Recommendation and Presentation
- Implement Action Plan
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«- Function Analysis

Six Sigma

FNGP VA/VE COST/FUNCTION WORKSHEET

PROJECT: 4406

DIRECT [FUNCTION - Active Verb / Measurable Noun

PART or oPERATION | atv. | cost FUNCTIONWORSHEET
NGP VAME

FAST. DAGRAM
et PathdieNme  RerQiptSH Patha _ UHDOTHED PROCT: 4406 Sed DATE iy 2, 1998

RIM Prep 1.0 0.190 I ® TS
Gose 10 | oom et | Pt Desrigion
Gase Treat 10 | oo arha "Wetitis'
Spring 1.0 0.020 —W&d —

UL | RitberAen (76H)
Gresse 10 | oom

Cost Cards
BOM
Router

Packaging 01 | oo1s
ﬁ Mold Cell 1.0 | 0260 )

Exten. Housing

Gasting Al 10 | sas0
Machining 10 | 1050
Bushing 10 | os40
Ship Cover 10 | o0
ougnnut 10 | o1es
Lube - ATE 10 | 10w
exin. Hsg. - SiAs 10 | aaw

TOTALS 15461 | 0000 | 0.000 | 0000 | 0000 | 0000 f 0.000 | 0.000 | 0.000

Direct Costs EXCLUDE all Fixed burden & Overhead. 5.6 &4, Margin

1000 | o00% | oou on%‘nu%|uo%|uu%‘ou%|nu%|

FUNCTION - PERCENTAGE
FNGP VAIVE COST/FUNCTION WORKSHEET
FNGP VA VE WORKSHOP PROJECT: 4406
F.AS.T. DIAGRAM
PROJECT: 4406 Seal DATE: July 28, 1998 orrecr [ Nerh
part or operaTioN | arv. | cost [P | A ] s | swr [ fom [ wmn re e | e | e [ o |
INPUTS P SO T oUTPUTS fve | wie | v | v | pw | “ar | cotow | S | sy | son | vene | wow
N__o% N % s__am ..
H | improve ) ressty T i H i H
H }| | processing! | dearading ! | j H H ! R prep om0 | ooe ooz
N 18% 9%
i ARGCES [ i P i i case 0080 0040 oom
. b _parts__t ! Pl L toL bt ! Case Treat 0.010 0.007 0.003
! i [ 1 Soung 0020 oo
| Pl [ |
Gresse oot
[TERSURE'}  [BATISFY | WiE 71 ot ors
[L_LUBRIC. i _CUSTOM.{+_ PROFIT_} —
ol ol o260 oo 002

Opportunities
Identified

Exten. Housing

!
H Castog sas0 som | 2110 oss0
' N v oy '

1 H H H H . H Machining 1.050 0.504 0.168 | 0.168 0210
Value mis-matches ; il - O L ; ; ar D - ;
i Py Ty i H v Tl T i boughnut otes | ooz o000 o4t
‘ " [Exin_Hsg. - SiAs) 3.390 1.020
B=Basic S=Supporting
'WHY perform function? ‘C=Critical N=Non-supt «—— HOW perform function?

Direct Gosts EXCLUDE allFixed burden & Overhead 5.6 8, Margin

3% | 02w | 05w 00% sr%‘

‘ oo% | s3om 0% ‘ 1% ‘ 1%

FUNCTION - PERCENTAGE: 1.000
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Six Sigma
4. Generate and Select Concepts
e Value Engineering — VE
* Production Preparation Process Kaizen — 3P

* Design for Manufacturing / Assembly
— DFM/A

e Triz
* Brainstorming

* Or a set a such Techniques
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Six Sigma
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VE & 3P in DESS

Production Preparation (3P), which
focuses on the production process,
should be performed concurrently

with Value Engineering (VE),

which focuses on product design.

PPPPPP
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sixsigma  Value Analysis / Value Engineering

VA/VE 1s a proven team oriented, creative,
systematic, cross-functional approach that enhances
decision making, improves products and processes,
and 1ncreases customer satisfaction.

The objective of VA/VE is to improve value, as
defined by: Value = Function =+ Cost

where function 1s performance or quality and cost 1s the
overall cost to deliver the functions. This goal complements
that of Growtth by continually striving to eliminate waste or
unwanted functions and cost in product design.
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Six Sigma 3P Obj ective

Production Preparation Process (3P) 1s a component of
the Advanced Product Quality Planning (APQP) Process

The major focus of 3P i1s to minimize resources
required to meet takt time. *

*Resources include: Capital, tooling, direct and indirect labor,
floor space, WIP, etc.

*Takt Time 1s the rate at which the customer buys the product
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Assure that quality is built into the design and the production

Design products for ease of manufacturing using JI'T principles -
one piece flow, takt time and pull system.

Design manufacturing processes with built-in error proofing

Six Sigma
1.
processes.
2.
3.
devices.
4,

The mission of production preparation 1s to guarantee process
capability to meet takt time with minimum resources such as
capital, tooling, labor, floor space, WIP, etc.

Freudenber:
Value Creation Sept 2003 D\ﬂ

Why Production Preparation?

But Above All
BUILD QUALITY INTO THE SYSTEM.

Page 27
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Six Sigma

5. Optimize Concepts

* Robust Design or Parameter Design
— Measure Energy Transformation

— Optimize Function for Energy Transformation

* Other 6-Sigma Tools (Improve Phase):
— DOE, Hypothesis Testing, Regression Analysis,
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Six Sigma

6. Verity Design and Process

* Design Verification — DV
e Process Verification — PV
 DVP&R

« PPAP
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Six Sigma
7. Final Steps

» Estimate Benefits —$$ Savings or Avoidance
* Bookshelf Solutions & Potential Solutions

* Complete Control Phase
— PFMEA, Control Plan, SPC, etc.

* Next Project
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2K Sgma DEFINE PROJECT
DESS DMAIC
Prevent defect(s) NO Current Product YES Eliminate defect(s) inj
in Future Products l W Current Products
IDENTIFY  |€----- | B — N MEASURE
. E} 2z I
3! 3z
DESIGN £ 22 ANALYZE
2 = § I
: S iza
OPTIMIZE S 2 E IMPROVE
o R
l = 'm Q2
X A oI ="
VERIFY 1 & E
A REEEEEEEEEEEEEE
_________________ >
peeaeararasasas- » CONTROL
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OWkcth 6-Sigma vs. VM o
Six Sigma
6-Sigma VM

Where developed Motorola Gen. Electric
Methodology Breakthrough Job Plan

Strategy - DMAIC | ¢-Phase
Deliverable Defect Redn. Value Impvt.

DPMO V=F/C
Unique Feature DMAIC Function Analysis
Visibility Jack Welch - GE Who ?
(Champion)
“Sold to” CEOs & CFOs Engineers &

Managers

Page 32
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GriWith How Growtth Increases Profits

Six Sigma
«—<+WHY
HOW o— ? LEAN
Increase Reduce
Price NVA
Reduce —
f Costs Reduce | |
Increase ¥ Satisfy A T Waste [——
Profits Customer |
Improve e Reduce
Function Defects
| Increase
Sales VA/VE SIX-SIGMA
NB: This 1s NOT a FAST diagram
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ith GROWTTH Tools & Techniques

Six Sigma

Using these tools give FNGP a competitive advantage by
helping us learn what the customer needs and giving us

the means to deliver a high value product.

Uﬁeudenherg
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W
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